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New technologies for hfgh-througty 

Jonathan J Burbaum* and Nolartj H Sig 



To frozen efficiently tho mDHons of compounds that we ' 
synthesized using oorfbinfltorial'and automated method*;! 
drwnrieajy improved! floaty teehnologfea sfo currently ; : 
necdod. rn B6-w*B mieroTrtor plata, nonradioactive 
techniques (primanry fluerimetrie) and eflll-baaad fwnctiortaJ 
methods hftve movod to The ouitfng edgo, whfle ckver assays 
that etirnct [nform«tion from large p»ad-|>aaed combinatorial 
libraries have begun to ahoy considerable promise. In the 
future, miniaturized aaaaya that break out of the da-w«|| format 
will be erubfod by innovative technolegjoa far hfah-threugbput 
■craftning. 
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Abbreviations 

CL ohatnnumhuaipaa 

Ni^a.N^hnriioetic nod 
ffuorBBceneo palarfiabon 
fluaruconca rBAonaflo* ■o^ytrafllfar 
MgMftrqijghput acroeninj 
hioh^trvougheui aito^ing new Ivchnologlaa 
tlnifl*r**ofvod ftuorescencs of tenthtrtldB ion» 



FP 

FAET 

NTS 

HTS-WT 

Ln-TftF 



Introduction 

High-throughput screening (HTS) is a weU^itablijshed 
method far identifying useful, novel ohemicBj structures. 
Because of new synthesis technologies such as combina- 
torial chemistry and lucornaccd synthesis* the numbers of 
new molecules iTai table fer aciecrung have exploded in 
cho past few yean. Furthermore, a growing number of new 
targets have begun to emerge from genomic* effprcs. New 
cechnology development in HTS it propelled by the need 
co evaluate more compounds active egsinst mora targets. 

Currently, HTS involves * relatively straightforward eicect- 
sion of laboratory-scale assays, Depoading on the way, 
the adaptation of an away to HT£ can involve eichcf 
rnJru'aturizadon (typically, mi a 100 uJ microtlter plate assay) 
or automation (generally, attempting to mimic bj closely us 
possible the actions of a researcher in a laboratory assay), 
or borh. Accordingly, the sampling race that dJriflgu&hes 
*ru*gh*throughput' from slower aeftseoJng depends on! the 
difficulty of ihc assay, A typical enzyme-based screen:! can 
generally achieve a throughput of 3000 to 5000 samples 
per day for HTS, while cell-based or othor nonbiochcniical 
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achieve only a. few hundred amnpks per day. 
»d es 'high-throughput 1 : 
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will cover HTS cochnojogica that are currently 
as those that are | n the procew of hcing 
wntfcd. IrapTOvemenca in HTfl E&ll into *ev c m| 
limpllGcarion of a^ay development,* redueiion 
costs; and improvement in trample throughput; 
r y, we shall avoid the prefixes 'gltm-' qn(J' 
apecJfically refer to Improvement in rample 
and use the broader suffix '-NT' to denote 
t xKnolope*, in order ta define the field as 
He h*vo dlvidod the field Into three areas of 
TS-NT for Jiquid-phatK- assays triac broaden 
bllicy of microliter plates- HTS-NT 

p*a»c binding assays that exploit the solid-phese 
chfttteteriscic of somo co,mbin4terla| libraries to 
.ibfou^hput; and miniaturiaation cechnoJe^lcfl for 
ertflbla Hquid-prwBo omyv in volumes of 
or less, 
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l^wMf mlcraHlar plate) technology 

il^cJw, rmrfhoda 

ii atorics Have begwn ro favor essays phac aveid 
radioactive isotopes. This aversion 1b due not 
oost of reagents and Co the cost per sway, 
the inherent limitations on miniaturization of 
KjVe ways: An assay with, sqy; » 1000 cpm si^nq! in 
-jo;ul i necessUdly Save only a JO opm tigrwl in a 1 f4 
effing 10000 rirnej as Ion? to eo jut to the fame 
, acq iraey. The principal alwrnirfves to radiouetivity 
ibrow :nce and chomiluminescertQa, 



|ho ; y sars, sevpriJ fluorescence method* have been 
"M so Address a wide range of biological a«ays. 
. I ( using simple fluorescence dooa not provide 
^ rformance for HTfe\ even *o Hg h it ia an inhcr^ 
' ~'t vc rechnique. In principle, a single fluoreseenc 
i n produce thousand J of photons such that, in 
:;« ses, limits of detection have been extended w 
Me^rholeeule level, Ita primary drawbaclt, however, 
jiaeepjblJitV to background effects, both from the 
pcaJ milieu and frorn.photophysieal efTects such as 
-^eiing. 
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1 ibrf pares nonraifioflcdvc detection methodoJogjrj 
applied to HTS. One oxtrorocly versatile 
method that *erve5 broadly cs a replacement 
— is based on the time-rcsQlvcd fiuorctccncc 
:ments of the rare earth lanthahide ions 
JCh as europium (Eu) r The first Application 
to screening involved aqrJb«d!ci labelled 
l -*~t for ute fn sensitive immunoassays (for 
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E it-lW « sensitive as IWI. which is ccmmpnly ufed in 
K : radioactivity assaya, this technique haa foun4 iwrcaalngly j 
* broad application as a replacement for tadioactiviry in ; 
HTS assays. Furthermore, many types of amp chat 
have been developed using radioactive labels can be :: 
switched to lanih^ide-baAsd.ways, simply by using ; 
different labelling reagents. For example, chemical 
belling of free imines has traditionally been earned ;j 
out using [i^I]Bo|wn-Huntcr reagent [N-suceinlmldyl- .= 
3^4-hydroxy-S-p25l]iodophBriYl)prDpioftflte] for which the * 
Bm jn*-reAedvo europium chelate EU^-DTTA-PITC ; 
serve* » » straightfonvird replacement, In addition, a ; 
solution chut dissociates europium from the- .complex in ; 
r - order to enhance the lamhanide fluorescence aces as a : 
f$ replacement for lelntillfltlo* fluid. Examples of radioacrive : 
asaoys th*c have been aucMssftilly converted to lenthanido 
ways include those for several rypes of receptors (twin .: 
direct ligand labelling (3*1 and Eu*Mabeilcd Btroptavidin- ; 
based deception of blotinyfcied targets [4»SJ and tyrosine > 
, kinase unys (ming Ru+Mabclled anuphoiphocymsine 
tonribedies 16]). The land*ajiide-b*sed sywrn is, however. • 
joined te assays jofptf >7 T Which ensues the integrity 
(•pf the chelate-. •**" ; *j 

|tj;.u«her development of UTRJF ha« boon directed toward j! 
'alWnMine' rrflgcrrot that Incorporate the properties of the : ? 
enhancernent Jojucion into the the Eu^ ccmplox in oro'cr ; 
to shorten the wtal dm© of the ««y at)d to provide i ! 
more arable, nondissociable crypwe complex Achieving: 
comparable servirivlry with these cryptacea has proven w| 
be difficult, however* due to the incecaecion of * single j 
europium ion «nch multiple excitation 'antenna** when; 
dissociated (71. Recently, 3 system has been developed; 
that increases sensitivity by using * high-Intensity laser 
[q excite the cryptaie IB]. Assay* based on FRET; 
(fluorescence reso'nwace eneigy_ transfer) from a caged; 



^hf luaffiput sjomanlrtq Burbaum and Sign! 



oner 



The us 

Dpplicat 
rragenD 
system | 
diagnostj 
diagnoai| 
as a lo 
Thead^ 
is need 
in the 

polar 



T«Pla> 1 _ 
compertaoyef map>caoloflto» far ronradloeceVa D^tatUop- 

Mathod 



Advantage* 



Straight fluomaoene* 

LathanUA t*na*rBaoHrMf fluofBAottfio* (UiTHF) 
Ruorcscmco raionanee nnargy t«h*rar (FRfcT) 
Ruoraaoence eaUlfaatfah (FP) 
Hr>mog»n«cus tiino-»aeh*d fluor«cnnce (WTRF) 

ChamtafWioeeance (CL> 



Slmplo bpe[ling 
SimpJ* d«oc$on 

Simpli libellino 

Large steW shift 
HomegorjiaBUt 

Srnpl* tabalting 
Hwnoiao*ouo 

HomoojatfeeuA 

Wfy sanHitr'a 
P*w intatftrtAoaa 



J:!!, 



+->-» Rope6 & 



Gray 



73 



@028 



ftTCo ryanin (APC) further expind the rango 
"itnethod, Irt this manifwtarion/ir has found 
ins in asrseningf provided a suitable sice 
jd for incorporation of the ae'eorid (APC) 
_iic 1 of APC enft either be achieved directly 
i % «=s cti vlt l»Wling reagent) or usin^ labelled 
IjrecRd toward a nojn-obtruarve am in the 

Irtssi being used in nonradioactive screen- 
j (11,LZ]. A major consideration in, chooring 
;ed:Or energy tnnrfer is the dismnce ehange 
ci|i u ^on ligand binding or cntyrhe turaorvcr. 
rianifer to be possible, the distance must' 
'ebiut 40-50 A [Ml To put thia distance 
ijHOA is approximately fbe diamo^r of 
„jfcti!e with molecular weight 260000a, 
inataice* (e-&, BrnaJl pepddea that can act 
tubsjat^i), this distance is nchicyftble Vftth 
Ijjccrtainry. FRET U of partUutar utility 
i ptutcascs, aincc doubly la.balled peptide 
a p ncolly aynthetieaUy apccaBiWe and can 
. fien a number of contract suppliers^ In other 
tjheibj ndins of a protein ligand p Its receptor) 
fpofjtl c labelling geometry ia far less eertain. 

it*!* 

Ifel iflacresceftcc pjlanEarJoti <FP) in -HTS 
e t ii growing e'a a result ef the avuilabiUty of 
idi .thl devclopmeat of si 90-wclJ plato rpadet 
|SM i*l. The technique ia well founded rn the 
•icnka, serving as the bsjJc for many cnqrKeted 
! pi tie technique, binding eyenta are detected 
(i]rbu Ldonai mobUlry of a fluorescence group, 
p^s of FP are thut only one fluorescent label 

elod a homogeneous assay can be performed 
[<na of background fluorc*cencc Since the 

ahilc taking place upon excicaiEon of the fluor 
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is proportional to tho fraction t»f rhe total fluor in ihe'boun^j 
state order, assays may noocj to be performed in receptor 
excess, i situation that ii not always practical. Bn2yfnc|| 
(primarily proteases, but also kinase «n(l phosphatases^ 
«a also bo assayed using PR Compared with FRET, FP if 
more useful vrhon the targets arc large, since larger change* 
in rotational mobility can' gcneralh/ be observed. 

New and potentially intaretring approaches for time-dor 
main fluorescence measurement* (pi cwoxpheton induced 
fluorescence) are being developed to improve seiuiaviijr 
under a variety of experimental circumecanccs [l7-,18l: 
These homogeneous rime-resolvod fluorescence (HTRFjj 
approaches may bp applicable to HTS-NTJ but gcnciaily 
require specialized reagent* for optimal application a* 
well u now equipment that has yet to be developed! 
Additionally, Eigcn and Riglcr [19.20] hive suggested 
chat new methodologies employing advances in ung)o^ 
molecule detection cm be applied to HTSUNT, Jt ii 
nac yet clear whether limitations in oV speed of data 
collection (at low flyox concentrations) or the latutstioai 
of the detection scream (at high flu or cencehtKUfirus) will 
limit the range of applicability of HTRF too severely. !j 

i 
> 

Advancement in fluorescent reagents have also baoa 
helpful in HTS-NT. labels thai aro red-ahifwd can be 
distinguished from the biological background (excitation 
>£gOnmJ mere easily, and are coojBqq on tly helpful where 
increased sensitivity is important. The eyenjhe-based dyes 
first synthesized by the Waggoner group at the Universirjf 
of Pittsburgh (21,22], are particularly useful In this regard): 
Reagents that fluoresce in the Infrared are also beini 
developed, but have not found aifinifwaftt application iq 
HTS to dace, prim inly due t* Jaek of available docaoeersfc 
and insufficienc experience with IR labels en the part ef 
biological researchers [23], 

Chemilumineseeneo (CL) is another photometric tech^ 
•niquc that ?a applicable to HTS. Detection of Ctl 
13 a convenient adjunct to Auorftao*ncc, aince most 
place readers capabl* »f measuring fluorescence will 
meaiure luminescence as well. This technique has been 
used predominantly with lucifentae reporter genes in 
cell -based assays and in high-sens iriviry enzyme-Jinked 
immunosorbent assays (ELI5A) employing chemilumorf 
genie substrates for alkaline phosphatase and horsermdisiji 
peroxidase [24,25]. Recently, eUctrochernically generated 
chcmllumlnoftccflce has been applied as « sensitive and 
versatile means of dorecdon, using special; rsdax-aerivi 
labels [26»,27,28]. Tb date, however, this technique hai 
been applied primarily in immueossaay-bised detection. :! 

Calhba«flcj functton«l m»!hod» 

Functional methods for screening; receptpr-medlaied phei| 
nomona have many sdv»nr*gcj over traditional reccptoi; 
binding assays. Essentially, functional screens enaMej 
the researcher to discriminate between different binding 
modes (agonist versus antagonist), as well as to broaden** 
•*?'*' *» * *■ *"" '■■ * ■/ * . > * i* i» . * . !i *■ 
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'tii uWpJe components of a availing eaaegdc, 
tfH.fi degree of biochemical' 4*!***$**$$ > 
OytofunccJpnaJ- assays, in par^ciSlar/are • 
>E application to HTS-NT. ' 

. methodology is a rngh-shtoughput screen 
-mn mobilisation. Thjs well-established oyto- 
rjlM i developed in \m in she Tsien laboracory 
orsi y of California ac San Diego [29], but has 
r ted etTectiyely for HTS because the calcium- 
lijfhert-Iivedten the enjer of seconds). The 
' ; eF a high-speed, hiah^sensliivicy (nwging 
;ni^ commercially ainila^e, has helped to 
i J mixtions of calchim detection and rnade 
HTS methodologvi This imaging system is 
p irarlel irnige data ac speeefs up pa 10 frames 
Tf. J s »nsitiviries chpt allow d* section of calcium 
W iee 1 pppulicioiM. Concurrent liquid handling 
nf* 9 ^^er key development for the success 
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ah toward meuurement of eellular assays, 
nr of membrane potential *nd tntracctlutar 
ii based on the utfo of a high-iniensity 
rrjrrc^r depth-af-field ejdea wfeieh helps 
t j I aeteground. This instrument, known as 
J; fin Dfescence imaging plspe reader), pcrmiis 
~t mtflation and imaging witfi high sensitivity 
: method described above, this combination 
I i miging allows for high oSToughput despite 
niche rospense. 

fofiarvmyas mwitia* has also been useful 
&ew HTS methoda, Jp j v refotivejy easy 
^ with human DNA encoding receptors 
lencs of signal transduction paxhwyt *^nd 
bsea used to develop pn HTS icreening 
e signalling pathway? in yeast and hvm«ns 
related le permit functional cvtflvation of 
;nr is in ytsaac cells. This marched has found 
la^i It i cho analysis of Kuttisn C-protcio-eouplad 
ittin (membrane receptors which work well in 
and provide convenient readouts itjeh as 
th an or promotion) or transcription of re- 
B ;eause of the acrajajitforword manipularion 
iftrmacion in yeast» it Is relatively simple 
'BmJly of strains that differ by a ainglc 
t* facilitate the analysis of screening da^ca* 
Stauiy» have idemifted molecules that interact 
j||min recepcors. a« well as peptide ligqnd? 
Ortren traosniembrane receptors (receptors for 
iejs b o as yec unknown') [33*]. 

involves liga.n.d-dcpcndonr transforma- 
iruntlfan cells has also been developed. In 
Jdtj s imulation of any one of a number' of 
A'fi ire tronsioncly expressed jn NIH 3T3 
; ptllr confers a growth phenotype [H3Sf 



Received from < RlghtFAX > at 11/19/01 7:59:01 PM [Eastern Standard Time] 



08/13/01 MON 12:12 FAX 617 726 6794 



Compounds that Interne: with the Btimubnad receptor 
-b be identified aoIoriro*erJe»lly. became the reporter 



f 

i 

I 

$p gtne encoding J^alsocosidase' n exemplified during cell 
; h prolifcracion, This method ita particularly useful in the 
%V functional clarification of compound libraries rontaining 
^ boeh.agonist* end antagonists. 

Methods far ftcreflnlng combinatorial libraries 

, The »dvent of aolid-phaae synthesis u che preferred 
V methodology for generating large combinatorial libraries 
has presented nn opportunity co exploit the immobilization 
of email molecules so facilitate ft«ay development. Among 
the early crumple* of the effectiveness of large libraries 
h' a * discovery cools wdt the demons tratian that antibody 
& epitope* can be defined by screening combinatorial j; 
IC Ubranbs of peptides. This methodology hai led rather : 
§1 naturally » recent developments that involve solid-phase !■ 
syrukeric libraries and their interactions with protein \_ 
..domains 

joco sol id-p hale bindin£-artay* do not noceiu*rily reflect 
rvac properties p(. JrnalV molecules in solution, additional j 
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Piaki toffwt a+s*y of oareonio arhydr«» CM Tnw*»n\ TNfehoje, CC> 
In two ktapk, Rnt, a layer eomajnrtg bovif* atfwnjc Brthydfittfr{l, 
buffer »o mM, pH M) wm9 \xpctd two typeo of bo«d» eofliomlr g 
c|BBi. On lh« laft ltd* ■» •Sown, baada eeftHiriing on Vihipeor witn a ;* 
containing an hnfritarwiWi • rtj In BDMon of 4nM ware uaed. Aftw » 
flgwoooain diteefcto wrt added. A eftri" of photogrtpha wton alUr 
function of Inhibitor potency b shown. The numbers at the law* kft 
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•hart been developed that invqlvo release 
fooleeulea at precisely defined rime* and 
bW mplo of diis type of ismrp the soreajlcd 
en tyro* assay (Fig, 1), m which beads 
lii-phasc combinatorial library attached 
:*ble linker cue immobilized In agarose 
en zyme of interest 

ilojtacion of the solid phase ha? involved 
( pounds through their ability to buid 
!iz:d target, Depending on nle types of 
aipding condition* used, ffrii technique 
J i sleedon of the highest a£6nity member 
^{s etce, under excess ligand cendidon^ 
|i vrj[l dJtfplaee weaker bindlnff meleeylcs). 

□onarion and/or direct ehatvc^riiadoa of 
' jlc< cm lead to a \y hole famUy of binding 
$lo v for the Qenettdon of a itrucrurt-crtiviry 
(SSM:). This technique has fowid moat utility 
jjji septides chat bind specifically to other 
t; to nple, MHC claag n moleeulea ([39) and 
here! n) and phasphncyjwno^biAdin ^domain b 
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< INJtky. unpub&nsd dan). The asaav WM ad 
ISwH^qm^, ojm) in aodium pho^ahaUi 
: anhydrw frthlbiiom of ttm ar/l iwlfanaihida 
war* MMdf whlla en to* ripft *^ bovte 
oaeorwl tayior oantilnbg tnv figofogwuc subWala 
ah^ing tT>d do»dopmont of ianoa <4 inhWtWo n« a 
' 'tkti in minuiw vftar photofyss of the NMora. 
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Fluoresce jie©*acciv»ted bead sorcing : boJdfi great 
in ide^iu'rying individual bead) that contain con 
of itttcipic; TWs methodology ha* teen United 
by technical toues, Commercial, cell sorters nc 
re-engineered to accommodate bad sorting.. 
potential of thi* strategy may not be rciliacd bci 
development t>r specialized instruments designed 
the flow characteristics of combinatorial library " 
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Miniaturization 

Needs 

The technological advances of HTS-NT have 
in sways that are quicker Co set up and exeat 
arc beginning co provide the means to r 
full potential of combinatorial ohemiany and 
gctioralos for drug discovery. Minietu/Jsarian is 
actualization because, in simple terms, the rottl 
of axuyv required is (fee product of the number of 
and the number of compounds availible far ten 
example, suppose tbac a full screening effort for 
pharmaceutical company in the year 2000 would 
the iutvey of a deck of 10* compounds against 200 
per yt»r, This supposition approximates a 
increase in faorh eh* compound deck and the \ 
In this scenario, ZxlO* assays of 100 pL. each 
lOjiM test rarn^ynd nsminsj moicouimr 
5C0g/rno| ( would require roughly two million »» ¥ 
platan ,20000 liter* of each niger solution, ind ICXI 
of each compound por year, Clearly the cxpensea 
to extnec all the information needed will be e. 
*nehouc a technological overhaul of ehc screening 



Due ro the diverse bloc be misery of potential « 
which range from high turnover cniymcj to loir 
number receptors, not all auayt wall be a 
in miniaturization. Nonetheless, miniaturiaation 
extent that assays remain competent and semi 
to establish) will be embraced in the ftjture. 
presently two broad efforts In minis euHzarioh, „„ 
by the type of container that is needed. In the r 
case, the sample container is in open vessel »• 
a mierotSter plate well, only *mnller, : Beyond Q 
point, however, mlruatiirizacion in an open v^m, 
impraotioal because of rapid evaporation of .the si 
Thus, miniacuruwJon below the microliter scale fa^ 
Q dosed vessel, which tuxes itfauas of reading «rop| * 
bioloajcal reagents Into a tiny chamber. 
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Open veaeol 

For conventional well shapes (round- and flsc-bo 
the lawner limit for an open container in s 
environment is on the order of one microliter (J 
R Affiogk, unpublished data). In this format, 
rapid analytical a^pling is achieved by pa 
microJirer-volume wolLs mojc densely, io other 
having more wells per unit arm of the piste 
To maintain compatibility with die V6-weU wo* 
•plsio density should foHow the geometric scries N 
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is th number of we|/r on the plare and 
meager, ^hic*.deit'ti bestir, potable packing 
ft* ' In « rectilinear array, The balance point of. these 
|i«mtapiona, microliter volyrno and, suitable packirjc 
fast*, - iugBa»g a plate with 1S36 wells <n-4>, W^l in 
" 7^^ moia, » Ph** fisvingihepe properties ii the 
1 1 HTS pfate shewn in Figure 2. . 
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i m will be unaeccptably stow pp]ess BubatantioJIy 



tt ^cb J. A mere promising approach involves vho use 
^a<m« zctw imaging, using (for eaample) *=nsldvc 
o ni^bdsed cechrwloglea. to collect data from all the 
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, format are needed. Conventional p\ w readers 
: Ate cence lypieatly re.d om> well « , cfme, b„ e w5 
pjsra would uke «bogt sjxewn nmea longer to 
»-^u«e of .nore.^d throughput requircmcne. •ei.al 
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fJuorereence imaging [a a technique chat 
reoont apceiaJiced qpplkarions in HTS (see 
a [ore general fluorescence imaging icchr^iqQcs 
eloped wi« require the deyejnpmpnt Q f ncw 
co allow f6r chc effects of miniaturiaatign. In 
the development of robuat laballing reagents 
W6 at longer wavelengths will be needed, with ' 
yt waahcy co a] law f or many kinds of fluorescence 



: >f mifiroaeopy a dctcqpon roo| is another 
« that offers more sensitjvfcy, fluorescence mi- 
i a wcll-esRjblished analytical mc:hod in cell 
Ud pathology, that is also quamlfiabk Until 
hawe/ve* llnutatlofts in data processing spend 
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hVve , limited its uacfulncss in* HTS. Clearly, asjays 
J& irutfi.reqntfe increased 1 Sen slriyiry would b*V amenable co" 
'twj|£^ *' ncc TOcroicppy has'taditionoUy 

yitld^^^w'cpcence jhfiisuremenrj of single oeih. 

ffi. PLhil1y,M»Fhnfci«Je« for wing ceIM>ased assays are needed, 

HXSytJl benefit faun the wniatupzaEioft of the calcium 
b.flux'and Ibb abinncl Instrumentation described earlier? in 

order m exploit the frU spectrum af targets, h^ver, th= 
" development of new repu l ^ nv> j ( J>q Ehia$\nc*" e ozyrae^ 

and^/of.Kew fluorescent -proteins, will be needed. The 
^. utility of variotfs, reporter ficnes Jri HTS-NT was reviewed 

recently (>J)/ao wHI nor be covered further 



£ ' Id order pa develop assays with voJume^sijjrufiesrttJy l«a 
to, thqn a microliter, a dramatic rethinking c$ conventional 
Kjk assay acra lege* it required, -This conceptual shift is caviead 
mk/s by the nepesairy of enclosing ihc ittiy varnplo completely 
jj)^ prevent evaporation. Volumetric delivery of fluids to 
Wfaoliter volumea withQut^ross-eonta^nidon i* eleariy 
Jii'p'rablern chat rntfat. be* resolved before HTS-NT In 
fefeelased coruMfters ij considered practical: Two new 
J^ciAfr^anje*1i«vo accepted this elwIUngOt ^ndjhtve taken 
Bf piomismg vpproachci towsrd defining HTS in nanolitcr 
gjWolumo* Caliper Tfcehnologie* (Pao Alto, California), sod 
Orchid Biooumputer (Prince ton, New Jersey).! 



Caliper's technology uvea advanced capillary mierofundics 
driven clectrophoretically to enable ntpid and reproducible 
transport of fluids capable of carrying an electrical current 
Recent advances in manufacturing technologic* have fa- 
il?, ciliated the development of oampjex micfoftuidie eireuiet 
ff\ (for a recont review sec [40*1) «h« have been described 
<; / as labonterie* on a chip. To be applicable for HT&-NT, 
however, assay* neetfla be .remarked using electropho rode 
\\ or chromatographic serration*. Mueh work is needed 
$ to develop to bus? and versatile separarjafu for biological 
ft, *s»y samples in these small volumes, but tfre payaff In 
|j' miniaturization and assay Deceleration would be strikinE, 
jj# particularly with assays involving kinases and proteases for 
which aepanitioni-based oroya are currency used. 

' 

ffi Orchid's technology integrates synthesis and analysis of 
library compounds in nanoiitcr volumes. The challenge 
of flliquoring organic solvent* for synthesis on a nanoiitcr 
scale has been met using a proprietary electronic pump 

*\ that can bo used with any solvent. Using fabrication 

f . techniques pioneered in the semiconductor industry 
n a no] iter reaction and analysis vessel* are being integrated, 
such that a tingle four-Inch silicon wafer will suppprt 

, 10 s separate syntheses/bloMiayi, Because separations ire 
not required for a. successful thii technology will 

? provide a strong complement to the minJaturixad sepao- 
bons afforded by Caliper's lib-on-a^hip' approach, Thii 

< technology, .when mature, wjl) allow for the simultaneous 
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this review come into routine use 
itiihbwpatcd here, are invented) The renaoo , 
Iribwiie effort ia obvious: the piyotfTn terms 
rriAc^uticals discovered will be well worth 
new technologies, and will provide the 
in the biotechnology revolution, The 
ed compound characterisation, afforded 
also be aignirtcwu, with new ant) 
'■toojls for diasmion of cellular processes 
ucccBsiblc. New ftuorpscctit tcagenrs, 
' Mai clling kit*, ind miniaturization of assays 
rble in driving the tccbnolpgy. Wp can not yet 
dad h af the Impae^ but oan only predict that 
cojnpoUnd discovery mcthodoloa^ea will be 
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